Changes in the major chloroplast pigments of pigment-deficient genotypes of soybeans were studied as a function of leaf age and plant age. (5), soybeans (7), and peanuts (7). In a previous study (7), we showed that a number of soybean and peanut mutants could be fitted into a progressive series of chloroplast pigment development. We speculated that these pigment-deficient mutants might represent evolutionary or arrested stages of chloroplast development. This is consistent with the suggestion of Benedict and Ketring (2) that mutation in virescent peanut leaves results in the limited synthesis of a factor necessary for cell and chloroplast differentiation. We were curious to know how this genetic control of pigment deficiency was expressed and how this expression was affected by plant and leaf maturity. To do this, we needed to be able to separate effects due to LA' from those due to PA. For instance, if one takes samples of leaves from the same node over a period of time, both LA and PA increase and their effects overlap. This overlap can be resolved by choosing other samples which correspond to the same node samples in LA but differ in PA. This is possible if one chooses samples from different nodes. Comparison of these samples allows us to know if pigment development is directly related to LA and if this relation holds even when the leaves are taken from different nodes at different times. The comparison between same node and different node development is especially useful when comparing geotypes which have various rates of plant development, since plant effects are readily apparent. For instance, if a 7-day-old leaf from the first trifoliolate and a 7-day-old leaf from the fifth trifoliolate have similar pigment composition in three genotypes but differ considerably in a fourth, the discrepancy is a function of genetic control. If at a more mature stage all four genotypes are similar, the genetic effect is overridden by PA. We intended, therefore, to obtain quantitative information on the composition of chloroplast pigments in a wide range of mutant genotypes (all in the genetic background of the Clark variety) throughout a growing season and to compare the development of pigments in the mutants to the normal or parent plant. The mutant:parent ratio obtained would be a quantitative measure of individual gene expression as a function of plant and leaf maturity.
Genetic control ofchloroplast development in higher plants can be effectively studied by use of pigment-deficient mutant genotypes which commonly occur in most plant species. These mutants run the full range ofpigment composition but are usually deficient in Chl a, Chl b, or both carotenoids and Chl. Early descriptions of typical mutants occur in the literature for maize (9) , barley (10) , and soybeans (17) . These early reports used spectroscopic methods and crude column separation to give information on Chl a and b, and ratios of carotenoids to Chl. Improved techniques of analysis, such as the two-dimensional paper chromatographic study of pigments in peanut mutants by Tai and Todd (15) or the thinlayer separation of carotenoids in soybean mutants by Keck et al. (13) , allowed information on individual carotenoids and Chl to be determined. More recently, development of efficient liquid chromatographic methods of pigment separation (5, 6, 8) have been used by us and others to elucidate further the effects of genetic control on pigment development in tobacco (5) , soybeans (7) , and peanuts (7) . In a previous study (7) , we showed that a number of soybean and peanut mutants could be fitted into a progressive series of chloroplast pigment development. We speculated that these pigment-deficient mutants might represent evolutionary or arrested stages of chloroplast development. This is consistent with the suggestion of Benedict and Ketring (2) that mutation in virescent peanut leaves results in the limited synthesis of a factor necessary for cell and chloroplast differentiation. We were curious to know how this genetic control of pigment deficiency was expressed and how this expression was affected by plant and leaf maturity. To do this, we needed to be able to separate effects due to LA' from those due to PA. For instance, if one takes samples of leaves from the same node over a period of time, both LA and PA increase and their effects overlap. This overlap can be resolved by choosing other samples which correspond to the same node samples in LA but differ in PA. This is possible if one chooses samples from different nodes. Comparison of these samples allows us to know if pigment development is directly related to LA and if this relation holds even when the leaves are taken from different nodes at different times. The comparison between same node and different node development is especially useful when comparing geotypes which have various rates of plant development, since plant effects are readily apparent. For instance, if a 7-day-old leaf from the first trifoliolate and a 7-day-old leaf from the fifth trifoliolate have similar pigment composition in three genotypes but differ considerably in a fourth, the discrepancy is a function of genetic control. If at a more mature stage all four genotypes are similar, the genetic effect is overridden by PA. We intended, therefore, to obtain quantitative information on the composition of chloroplast pigments in a wide range of mutant genotypes (all in the genetic background of the Clark variety) throughout a growing season and to compare the development of pigments in the mutants to the normal or parent plant. The chloroplast pigment contents (nmol/cm2) for the normal green parent plant, Clark (CL1) as a function of plant and leaf maturity, are shown in Table I . Similar data for Chl a only are illustrated in Figure 1 for CL1 and three of its pigment-deficient genotypes, y7y7-y8y8, y3y3, and ygy9. (3) . Some component synthesized during the dark period is necessary for plastic development to begin. Evidence gathered by previous investigators (14, 16) suggests that in higher plants this regulator may be phytochrome, although Holowinsky and Schiff (11) have shown that protochlorophyllide functions in this capacity in simpler systems such as Euglena and may be a secondary or back-up system in higher plants. Similar components may also be responsible for whole-plant development as well. The exact lag period for wholeplant pigment development is difficult to pinpoint but ranges from 20 to 30 days for y7y7y8y8 to 40-50 days for ygy9 and Ys1yll.
Throughout this paper, the various genotypes have been characterized as pigment-deficient, not just Chl-deficient. All pigments are affected by the deficiency, but some more than others. The primary deficiency both in lag effects and in senescence occurs in S, AND BERNARD Plant Physiol. Vol. 67, 1981 Chl a and b and in neoxanthin. Violaxanthin, lutein, and carotene also show these effects but to a more limited extent. Since pigment deficiency in many of these genotypes can be attributed to a reduction in the light-harvesting Chl a/b protein (1), these data suggest that neoxanthin may be associated with or be a part of this pigment protein complex.
